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CAMUMTEDPERE’CEMUTCEOFA COME’RESSION-IGNITIOI?
ENGZNE-COMPRESSOR-TURBIMECOMBINATION
EASEDONlEa?ERmAL RA!I!A
ByAlexanderMendelson
Calculationsba edontestdatatakenona single-cylinder
compression-ignitionengi ewitha compressionratio f13.1andan
enginespeedof2200rpmweremadetodeteminetheperformanceat
sea-levelconditionsofa compression-ignitionengi egeared
togetherwitha compressoranda turbine.Themaximumcylinder
pressurewasassumedconstantat140Qpoundspersqpareinchand
theeffectsoffuel-airratio,compression‘ratio,exhaustback
pressure,andenginespeedontheperformanceofthecombination
weredetermined.Theanalysisindicatedthatthenetspecific
poweroutputicreasedwithdecreasingcompressionratioand
increasingfuel-airratioandenginespeed.Atanenginespeed
of2200rpmandcompressorandturbinefficienciesof0.70and
0.65,respectimly,a minimumnetspecificfuelconsumptionof
approximately0.40poundpernethorsepo%r-hourwasobtained.
Increasingthecompressorandturbinefficienciesto0.83
decr6asedtheminimumnetspecificfuelconsumptiontoapproxi-
mately0.32poundpernethorsepower-hour.Decreasingtheengime
speedto1200rpmdecreasedtheminimumnetspecific“fuelconsump-
tionto0.37poundpernethorsepower-hourwhenthecompressor
andturbinefficienciesw re0.70and0.65,respectively.Com-
parisonwitha compression-ignitionengi eusinga turbosuper-
chargershowedthatlittlecouldbegainedbygearingtheturbine
totheengine,providedtheturbosuperchargercouldbestably
operatedwitha closedwastegate.
INTRomIoN
Theuseofjet-propelledaircrafthasarousedconsiderable
currentinterestinaircraft-propulsionsystemsthatutilizegas
turbinesastheprimemovers.(Seereferences1 and2.) Oneof
theprincipallimitationsintheuseofgasturbinesinthe
energy-conversionpr cessisthelackofmaterialsthatwithstand
,
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temperaturesaboveapproximately1600°F. Inordertomaintain
temperaturebelowthislimit,a largeamountofexcessairmust
besuppiied,whichdecreasesthe-ener~-perpoundofgasthatcan
beextractedbytheturbineandconsequentlyseriouslyreducesthe
netpoweroutputofthesystem.
A dualpowerunitconsistingofa highlysupercharged
compression-ignitionengi egearedtoa turbinehasbeenproposed.
(Seereferences1,3,and4.) Thecompression-ignitionen@e can
operateathighpressureswithoutheoccurrenceofknockandpre-
ignitionandinthedesignoftheenginesomecontrolofthetem-
peratureofthegasenteringtheturbinecanbeeffectedbyvarying
thefuel-airratiofthemixtureburnedintheengine.Thedesign
opemtingconditionsofthesystemcanbesoadjustedthatthetur-
bine,suppliedwiththeexhaust*S fromtheengine,willproduce
a largeproportionfthepowar.
Testdataontheperformancecharacteristicsofa highlysuper-
chargedcompression-ignitionengi e,aswellasinformationforthe
calculationofreleasetemperaturesandpressures,arepresentedin
reference3. Atmixturesricherthanstoichiometric,theenergyin
theexhaustgasofa compression-ignitionengi eisshowntobe h
excessofthatneededforsupercharging.Noattemptismadein
reference3 toestimatetheperformanceoftheer@ae-turbine
combination.
CalculationswerethereforemadeattheNACALewislabora-
torytodeteminetheperformanceofa compression-ignitionengi e,
a turb~, anda compressorgearedtogether.Thecalculationsare
basedondatatakenfromreference3. Nodataastotheeffectof
exhaustbackpressureonvolumetricefficiencywereavailable;
thereforea theoreticalequationgiveninreference5 wasused.
Theeffectsoffuel-airratio,compressionratio,engineback
pressure,andenginespeedontheperformanceofthecombination
werecomputedtofindtheoperatingconditionsforminhumspecific
fuelconsumption.Thedti?ferencebetweentheresultsofthetheo-
reticalsmalysisoftheperformancee ofa compression-ignition
engine-compressor-turbinecombinationreportedinreference4 and
theresultsobtainedinthepresentinvestigationsdiscussed.
ANALYSIS
Calculationsba edontestdatafromreference3 ata com-
pressiomratiof13.1,atanenginespeedof2200rpm,andat
NACAstandardsea-levelconditionsweremadetodeterminethenet
specificpoweroutputofthecompression-ignition@ine andthe
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turbineandthepowerinputothesuperctiger.Thedatatakenat
thiscompressionratiowereextrapolatedoothercompression
ratios.Efficienciesof0.70and0.65wereassumedforthecom-
pressorandtheturbine,respectively.Theseefficienciestake
intoaccounthegearingefficiency.Foronesetofcalculations
thecompressorandturbinefficienciesw reraisedto0.85.An
intercoolerof60-percenteffectivenesswa assumedinallcal-
culations.Thenetspecificpoweroutputnhp ofthecomb~tion
isgivenbytherelation
nhp=bhp+thp-shp
where
bhp brakehorsepowerofcompression-ignitionengi epercubicinch
ofenginedisplacement
thp horsepoweroutputofturbinepercubicinchofenginedis-
placement
shp horsepowerre&redby superchargerp cubicinchofengine
displacement
Thenetspecific
thenbefoundby
fuelconsumptionofthecombinationnsfc can
theequation
nsfc= isfc~
where
isfcindicatedspecific
engine
w indicatedspecific
fuelconsumptionofcompression-i@tion
horsepowerofcompression-ignitionengi e
Themaximumcylinderp essureinallcalculationswa assumed
constantat1400poundEpersquaretich.Inlet-airp essuresof
30,60,90,and150inchesofmercuryabsolutewereassumed,with
thefollowingcompressionratiosassumedineachcasetogivea
maximumcylinderp essureof1400poundspersqwe inch:29.2,
17.4,13.0,and8.8.Ateachofthesecompressionratios,four.
fuel-airratioswereassimed:0.020,0.035,0.050,andO.065.The
effectofvaryingtheratioofexhaustbackpressuretoinlet-air
pressureonthenetspecificpoweroutputandthenetspecificfuel
consumptionofthecombinationateachoftheseconditionswas
detemined.
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Thesecalculationsweremadeatfourenginespeeds:1200,
1500,1800,end2200rpm.Inordertodeterminetheeffectofmore
efficientccqonentsontheperformanceofthecombination,the
calculationswereallrepeatedatanenginespeedof2200rpmwith
thecompressorandturbinefficienciesraisedto0.85.
iii
Theperformmceofthecompression-ignitionengi eandthe
datanecessarytocalculateheexhaust-gastemperatureweretaken
fromreference3. Theinjectionwasassumedtobesoretardedthat
anindicatorcardwithalmostconstant-pressurecombustionwouldbe ~
obtained.Thecombustionchamberusedinthetestsofreference3
isshowninfigure1. Ascanbeseen,theinletandexhaustvalves
aredirectlyopposite.Whentheinlet-atipressureishigherthan
theexhaustbackpressure,anyincreaseinvel.veoverlapwould
causea relativelyhighlossoffreshchargethroughtheefiust
ports.Thislosswouldincreasetheairflowandthepowerrequired
bythecompressorandwoulddecreasethepoweroutputoftheturbtie
perpoundofairasa resultofdilutionofthehotgas.Thebetter
scavengingobtained,however,wouldtendtocompensateforthis
decreaseinturbinepoweroutput,particularlyatlowcompression
ratios.Whentheexhaustbackpressureishigherthantheinlet-
airpressure,theairflowwouldbereducedandthescavengingwould
beverypoor.Itisassumedh thesecalculationsthatnoeffective
valveoverlapwasused.Inasmuchasnoreliabledataontheeffect
oflargexhaustbackpressureonvolumetricefficiencywereavail-
a%le,thisefficiencywastheoreticallycalculatedbymeansof
equation(3).(Seetheappendix.) Theeffectofexhaustback ,
pressureonvolumetricefficiencythusobtainedisprobablytoo
smalleventhoughnovalveoverlapwasassumed.Thiserrorwould
tendtoshifthepointofminimumspecificfuelconsumptiontoa
higheratiofexhaustbackpressuretoinlet-airp essurethan
mightactuallybeqected. Thisequationdoesnottakeinto
accountheattrsnsferfromtheresidualgasesorthedynamiceffects.
DISCUSSIONFKESULTS
Thevariationfnetspecificpoweroutputandnetspecific
fuelconsumptionofthecotiinationatsealevelwithratiof
exhaustbackpressuretoinlet-airp essureforvariousfuel-air
ratiosandcompressionratiosisshowninfigure2. Theengine
speedis2200rpmandthecompressorandturbinefficiencies
are0.70and0.65,respectively.Thenetspecificpoweroutput
increaseswithdecreaseinccrmpressionratioandwithincreasein
fuel-airratiobecauseofhighinlet-airp essuresatthelow
compressionratiosandhighheatinputsat.thehighfuel-air
ratios. Atanygivenfuel-airratioandcompressionratio,the
l
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netspecificpoweroutputincreasestoamax3mmvaluewithincrease
intheratiofexhaustbackpressuretoinlet-airp essureand
thendecreases.Theratio fexhaustbackpressuretoinlet-air
pressureatwhichthenetspecificpoweroutputisa maximumvaries
fromapproximately1.0to1.5asthecompressionratioisincreased
from8.8to29.2.WhentheratioofexhaustbackpressuretoitiLet-
airpressureislessthanappro-tely1.0,theturbinepowerout-
putincreaseswithexhaustbackpressureata fasteratethanthe
compression-ignitionengi epoweroutputdecreases;thenetspecific
powerthereforeincreases.Withfurtherincreaseintheratioof -
exhaustbackpressuretoinlet-airp essure,thedecreaseinvolu-
metricefficiencyandtheincreaseinenginefrictioncausesthe
engineqt specificpowertodecreaseata fasteratethanthe
turbinepowerincreases.Thenetspecificpoweroutputherefore
decreases.
Thenetspecificfuelconsumptionshowninfigure2 reachesa
minimumvalueata ratio fexhaustbackpressuretoinlet-air
pressurethatvarieswithfuel-airratioandcompressionratio.
Thevariationfthisminhuumwithfuel-airratioforthevarious
compressionratiosisshowninfigure3(a)anditsvariationwith
compressionratioforvariousfuel-airratiosisshowninfig-
ue 3(b).Thecorrespondingnetspecificpoweroutputsarealso .
plotted.@e optimumoperatingconditionforlowfuelconsu@ion
occursata fuel-airratioofapproximately0.035anda compression
ratio fapproximately14.0.Theminimumnetspecificfuelcon-
sumptionobtainedisapproximately0.40poundpernethorsepower-
hourandthecorrespondingnetspecificpoweroutputisapproxi-
mately0.50horsepowerpercubicinch.Whenthefuel-airratios
increasedto0.050andthecompressionratiodecreasedto10.0,the
netspecificfuelconsumptionisincreasedapproximately6percent
butthenetspecificoutputisincreasedapproximately80percent.
Verylittlegaininfuelconsumptionwouldthereforeb obtalnedby
operatingatthepointofminimumfuelconsumption,whereasthe
engineweightwouldbegreatlyincreased.
., Thevariationfminimumnetspecificfuelconsumptionand
correspondingnetspecificpoweroutputwithfuel-alrratioatan
enginespeedof1200rpmisshowninfigure4. Thefuel-airratio
atwhichthenetspecificfuelconsumptionisa minimumhasdecreased
fromO.035to0.030(compressionratio,17.4).Theminimumnetspe-
cificfuelconsumptionatthisfuel-airratioisapproximately
0.37poundpernethorsepower-hour.Curvesimilartofigure4
were‘&awnforenginespeedsof1.500and1800
ofminimumnetspecificfuelconsumptionwere
functionofenginespeedinfigure5.
rpmandthepoints
thenplottedasa
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Theeffectofincreasingtheefficienciesoftheturbineand
thecompressorto0.85isshowninfigure6. Compecrisonwith
figure3 showthattheminimumnetspecificfuelconsumptionat
anenginespeedof2200rpmhEsdecreasedtoapproximately0.32.
Thecorrespondingnetspecificoutputhasincreasedapproximately
75percent.Thecompressionratioatwhichthisminimumis
attainedhasdecreasedto8.8.
Thepoweroutputofeachofthecomponentunitsofthecom-
binationisshowninfigure7,aswellasthenetpoweroutput
forthevaluesplottedinfigure3. Thedifferenceb tweenthe
netpoweroutputemltheoutputofthecompression-ignitiopengine
varieslinearlywithfuel-airmtio. Themaaimmnetpoweroutput
isapproximately53percenthigherthanthecompression-ignition
enginepoweraloneata fuel-airratiof0.065anda compression
ratiof8.8.
A comparisonfthebestperformanceobta~blewiththe
compression-ignitionengi egearedtogetherwitha cmpressorand
a turbinewithintherangeofconditionsu edinfigures2 and3
andthebestperformanceobtainablewitha compression-ignition
engineusinga turbosuperchargerisshownb figure8. Thefuel
consumptionandthenetspecificpoweroutputofthecompression-
ignitionenginewitha turbosuperchargerwerecalculated,assuming
anexhaustbackpressuresufficientlyhighthattheturbinend
compressorpowerswereegpal.Itwasalsoassumedthatthetur-
binecouldoperatewitha closedwastegate.Atthebestnet
specificfuelconsumptionobtainable,whichcorrespondstoa fuel.
airratiofapproximately0.035,‘thedecreaseinnetspecific
fuelconsumptionobtaimedbygearingtheturbinetothecompression-
igoitionenginsisonlyapproximately3 percentata compre*Iion
ratio f13.0.Ifoperationatthelowestpossiblefuelconsuurp-
tionistherefored sired,apparentlyittleconomycanbegained
bygearingtheturbinetothecompression-ignitionen@ne. Ata
fuel-airratiof0.065,wherethe~ power’isobtained,the
netspecificfuelconsumptionis,homer, reducedasnch as
12percent.
.
Theinvestigationreportedtireference4 showsthetheo-
reticallyattainablep rformemcofa compression-ignitionengi e-
compressor-turbinecombination.A modifiedspark-ignitionengine
operatingona Dieselcycleuasassumed.Uirpublishedtestson
suchanengineshowedthatthepredictedresultsareasyetunat-
tahable.Theworkpresentedhereinisbasedontestdatataken
ona high-speed,high-turbulencecompression-ignitionengi e.The
optimisticresultsobtainedinreference4 comparedwiththe
resultspresentedhereinandintheunpublishedinvestigationare
.
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probablydueto~ highccmilmstionefficiencyindicatedbythe
cycleusedinreference4,whichgivesa verylowvalueforthe
indicatedspecificfuelconsumption.Thetestresultsofrefer-
ence3,uponwhichthepresentcalculationsarebasedaswellas
‘unpublisheddataonthemodifiedspark-ignitionengine,show
ratherhighvaluesofindicatedspecificfuelconsumptionbecause
ofthepoorcomb~tionefficienciesactuallyobtained.
Theresultsofthepresentanalysis,aswellasthoseof
reference4,seemtoindicatethata largeincreaseinpowerwith
a smalldecreaseinfuelconmqtioncanbeobtainedbyusinga
coribinationconsistingofa Dieselengine,a compressor,anda
turbine,particularlyifthecomponentunitsarehighlyefficient.
Thedesirabilityofgearingtheturbineandthecompressortothe
Dieselengimisdoubtful,inaamuchasthesystembecomesnmre
complicatedandthedecreaseh fuelconsumptionissmall.
Computationsftheperformanceatsea-levelconditionsofa
compression-ignitionenghe-compressor-turbticou binationbasedon
testdataobtainedfroma single-cylindercompression-ignition
engineat,acompressionratio f13.1andanenginespeedof
2200rpmwiththemaximumcylinderp essureassumedconstantat
1400poundspersquareinchyieldedthefollowingresults:
1.Thenetspecificpoweroutputincreasedwithdecreasing
compressionratioand~th increasingfuel-airratioandengine
speed.
2.Atanenginespeedof2200rpm,withcompressorandturbine
efficienciesof0.70and0.85,respectively,thenetspecificfuel
consumptionreacheda minimumvalueof0.40poundpernethorsepower-
hourata fuel-airratioofapproximately0.035anda compression
ratioofapproximately14.0.Whenthecompressorandturbineffi-
ciencieswereraisedto0.85,thenetspecificfuel
reachedamimimumof0.32ata compressionratio f
3.Withcompressorandturbinefficienciesof
respectively,decreasingtheenginespeedfrom2200
decreasedtheminimumnetspecificfuelconsumption
0.37poundpernethorsepower-hour.
consumption
8.8.
0.70and0.85,
to1200rpm
from0.40to
4.Atsealevelwithcompressorandturbinefficienciesof
0.70tid0.85,respectively,enenginespeedof2200rpm,anda
compressionratio f13.Otheminhumfuelconsumptionobtainedby
.-. ——.— -.— - -. —..— .-. —.——— —— .-
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gearingtheturbinetothecompression-ignitionengimewasonly
approdmately3 percentlessthanthat.obtatiedbyoperatingthe
compression-ignitionengi ewitha turbosuperchargerusinga closed
wastegate.
Lewis Flight Propulsion Laboratory,
NationalAdvisoryCommitteeforAeronautics,
Cleveland,Ohio,October20,1948.
.
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APPENDIX-METHOD& MLCUMTIOIV
SyJ&olsandAbbreviations
Thefollowingsynibolsandabbrmiationsareused
Culations :
%
‘%
k
I?
%
%
P
Pe
PO
Q
R
Re
r
‘c
T
-T=
W8
Wt
Y
Ye
specific
specific
constant
heatatconstantpre~sure,Btu/lb%
heatatconstantvolume,Btu/lb%
ofproportionality
9
in the ca3.-
-e 8-p-a, ~
compressionexponenth eqgationp~ = c
expansionqonent ineqpationp~ = c
pressureatvariouspointsincycle,ti.I@absolute
exhaustbackpres~e,in.Hgabsolute
atmosphericpressure,in.~ absolute
net
gas
gas
heataddedperpoundofair,Btu/lb
constantforair,ft-lb/lb%
constantforexhaustgas,ft-lb/lb%
compressionratio .
cut-of ratio
tempemtureatvariouspointsincycle,%
temperatureofexhaustgas,%
workinputosupercharger,ft-lb/lbair
workoutputofturbine,I%-lb/lbexhaustgas
ratio fspecificheatsforair
effectiveratiofspecificheatsforexhaustgas
—— -,.. .- -z— .—z .—-. -— ——— - - .–. —. . . . —... _-. .._. . — —-
.,
—adiabaticefficiencyofsupercharger
adiabaticefficiencyofturbine
themalefficiency
volumetricefficiency
densityofinletair,lb/cuft
subscripts:
0 ambientconditions
1 inletocompression-i~tionengine
2 endofcompressionstroke
3 cut-off
4 release
Abbreviations:
NtUATNNo. 1774
@ake horsepower
inchofengine
ofcapression-ignitionenginepercnibic
displacement
indicatedspecifichorsepowerofcompression-ignition
me
netspecificoutputofcombination,hp/cuin.engine
displacement
horsepowerrequiredbysupercharger,hp/cuin.engine
displacement
outputofturb~, hp/cuin.enginedisplacement
frictionman effectivepressure,lb/sqin.
indicatedmeaneffectivepressure,lb/sqin.
-cated specificfuelconsumptionofcompression-ignition
m, lb/hp-hr
net specificfuel
fuel-airratio
consumptionofcombination,lb/nbp-hr
.—-- -, .——. .—
,., ,,.
,,. - :-
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NetSpecificOutputandNetSpecificFuelConsumption
PoweroutpUtofCalqlression-ignitionengine-Theindicated
horsepowerpercubicinchdisplac-tofthec&pression-i@tion
Q b @mby the followingtwoequations:
j@=+E!&&
~=.m_dLisfc57.6‘v
(1)
(2)
pli
*re 57.6b istheairflowh poundsperhourpercubicinch.
Thevolumetricefficiencywasapprbted byassumingitis
affected”onlybytheinletandexhaustpressures.Theratio f
volumetricefficiencyunderanytwoconditionsrepresentedby
subscripts1 and2 my thenbeexpressedasinreference5,but
usingthenotationofthispaper
1
If
exhaust
()/ePer- q2
thevolumetricefficiency
backpressureX equalto
isassumedtobe0.86whenthe
theinlet-airp essure,then
1
-
(3)
(4)
Figure9 showsthevolumetricefficiencyplottedagainstheratio
of‘exhaustbackpressuretoinlet-airp essurefora compression
~tiOOf1.3. O.
. ..— .—— ,,_ ——. . . . . __
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l!heinlet-airdensityis given by
P1
pl= 1.327—%
(5)
Whenequations(1),(2),(4),and(5)- Ctimam Ye =1.35
0.741
(1.)
~
~/AP1r - P (6)imep=EijwIoitic~ r-l
Thefrictionmeaneffectivepressurewasobtainedbytaking
thefrictionmeaneffectivepressureofa multicylindercrankcase
atanenginespeedof2200rpm,adding5 poundspersqwreinch
forthedisplaceractionofthecaqmession-ignitionengine,and
usinganeqpiricelformulaobtainedfromm malysisofdataon
severalsingle-cylinderengines.Theegpationobtainedis
~ = 31+ 0.32(pe-Pl) (7)
ThefIrsttermontherightsideofequation(7)isduetothe
mechanicalfrictionsndthesecondtemnisduetothepumpingloss.
Itwasassumedthatthepumpinglossisindqendentofthespeed
EUM3themechmicalfrictionisproportionaltothespeed.From
eqpation(7)theconstantofproportionalitywasfoundtoequal
14.1x 10-3.Thefrictionmeaneffectivepressurethenbecomes
The poweroutputof
= 14.1X 10-3N + 0.32(pe-Pl) (8)
l
thecmpression-ignitimen@nethenbecomes
MJ”=(w-f W)& (9)Y
Poweroutput ofturbine.-TheToweroutputoftheturbinewas
calculatedfromtheequation
The turbinehorsepowerpercubicinchofen@nedisplacement
.
(10)
becomes
.
——.
..FF ——,— .
. . . . . . . . . .
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wt (I+F/A)
thp= 33,000x 60
= lox 10-8qa
13
r
& b
~
ye-l pe Ye
Y
~) ]k!lp~I? P. ‘e ‘-~~ ReTe~ 1-—,d,tye-l Pe r-1 (l#/A)1
(11)
Thetemperatureof theexhaustgas Te wasc~~atedby theeq~-
tiongiveninreference3,which,inthenotationofthepresent
paper,is
Ifthefollowingtwo
T4
[ 1Te=Yl+(ye-l)~e ?4
relaticm.saresubstitutedinequation(12)
% r(n&n.JT4=Tlrc
P4 ~ r(%-%)=plrc
theexhaust-gastemperaturebecomes
[ 1%(%-%)rc%+(ye- 1) ~Te=T re PI
(u?)
(13)
(14)
(13)
Thevaluesof ~ and ~ wereobtainedfromfigure14-ofrefer-
ence3 andthe~ues of‘ye and Re fortheexhaustgas from
reference6. Valuesof~ust-gas temperatureplottedagainst
ratiofexhaustbackpressuretoinlet-airp essureareshownin
figure10.
Powerreqyiredbysupercharger.-Theworkinputofthesuper-
chargerperpoundofairsuperchargedisgivenbytheequation
Thehorsepowerpercubicinchisthen
Ws
Shp = M33,000X 60 57.6‘v
(16)
(17)
. ..-— ——-, .__- T— __ ___ .<____ ___ ~._-
,. ---- ........ ._,_.... .._.-._ .....
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nen ~ad‘0.7, R = 53.3,@ Y = 104
~ 0.741
(J
r-~
t) ]
0.286
Shp= 2.67X 10-6I@l J -1r-1 P.
Iietoutputand-lc onsumption.- Ifthepoweroutputs
compression-ignitionengi eandoftheturbineandthepower
requiredbythesuperchargerareknown,thenetpowercanbe
fromtherelation
nhp=bhp+thp-shp
Thenetspecificfuelconsumptioncanthenbecalculated
The indicated
13.1isgiven
nsfc=
“( )
~ isf.
(18)
ofthe
fOund
(19)
,
(20)
specificfuelconsumptionfora
infigure5 ofreference3.
EffectofVar@ngCompression
compressionratiof
Ratio
.
cut-offratio.- Inordertofindtheeffectofvaryingthe
capressionrationthecut-offratio,theamountofheatadded
perpoundofair
ratio.Fromthe
isassumedtobeconstantat
followingsketch
2 3
2
b
31
P “ 4?
4
1
a givenfuel-air
Q=cp(T3-T~)+
= ~ (T3’-T2’)
v
ye-%
— Cv(T3- T4)ne-l
70- ne
— Cv(T3’- T4’)
‘“%!-1
(21)
.
— —
,, ,-.
.. ,.
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.
(22)
‘ wherethesubscripts1 and 2 usedwith r and r= referto
anytwovaluesofcompressionratio.For rl= X5.1,valwsof
.C,l takenfromfigure14ofreference3 canbeusedtocalculate
rc,2foranydesiredcompressionratio.Asdefinedherein,Q is
thenetheataddedtotheairwhentheheatlosstothecoolantis
neglected.
Indicatedspecificfuelconsuutption.- Theindicatedspecific
fuelconsumptimisassumedtobeinverse~proportionaltothe
thermalefficiency.Thethermal#ficiencyofconversionfthe
netheat
pression
Vt
addedto-thecycle,when y = ~ -isassumedforthecom-
stroke,isobtainedby
Ata compressionratio f13.1,thevaluesof .C, ~, ~, and
isfcfordifferentfuel-airratioswereobtainedfromfigure14of
reference3 and qt wascalculated.Theconstantk inthe
equation
wasthenevaluatedforthedifferentfuel-airratios.For~ com-
pressionratio,therefore/ \
CurvesofthereciprocaloftheinMcatedspecificfuelconsumption
fordifferentfuel-airratiosareplottedinfigure11.
.— ...-,- .—-.—._ —._ ______ ____ ~_
— ----— -n. —.. — -. —.. ._. _ . . ___ _
—. —----. — ... .
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Thejusttiicationf rtheprocedurecanbefoundIn@ fact
thattheactualcurveofthermalefficiencyplottedagainstcom-
pressionratioisparalleltothecalculatedcurve(fig.1,refer-
ence7). Theempirical’constantk thereforec-ects thethee-.
reticalcurvetotheactualcurve.
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correspondinget specffiopoweroutputat optimumfuel-alr,ratio.Maximum
cylinderpressu”emaintainedconstantat 1400poundspersquar6inch;com-
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Figure 11. - Variation of indioeted
for various fuel-air ratios.
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